INTRODUCTION
Skeletons experiencing osteoporosis demonstrate a progressive decrease in mineralized structural bone (Whitehead, 2004) . Pullets approaching sexual maturity deposit medullary bone in the marrow of some bones to provide a quick labile source of calcium for shell formation. Whereas medullary bone deposition increases with age in reproductively active female hens, structural bone mineralization gradually deteriorates (Whitehead and Wilson, 1992; Hudson et al., 1993) . Age-related loss of structural or compact bone, which is generalized throughout the skeleton, eventually leads to osteoporosis and increases the probability of bone breakage (Whitehead and Wilson, 1992) .
One contributing factor to the development of osteoporosis in egg-laying strains of chickens may be that they have been genetically selected for many years for small body frames so as to improve egg production and feed efficiency. Genetically selecting for high and low bone strength lines of chickens for 9 generations resulted in marked differences in bone quality traits and susceptibility to osteoporosis (Bishop et al., 2000; Fleming et al., 2006) . Using bone indexes as the selection criteria, a heritability estimate of 0.40 was reported (Bishop et al., 2000) , demonstrating the influence of genetics on skeletal integrity.
In addition to genetics, exercise affects skeletal quality. Birds that exercise have fewer osteoclasts resorbing the endosteal bone surface than nonactive birds (Fleming et al., 2006) . However, this suppression of osteoclastic activity does not persist throughout life. As hens age, the differences in the number of osteoclasts between active and nonactive hens dissipate. Ultimately, at some point in the aging process, exercise fails ABSTRACT A major skeletal problem of conventionally caged hens is increased susceptibility to osteoporosis mainly due to lack of exercise. Osteoporosis is characterized by a progressive decrease in mineralized structural bone. Whereas considerable attention has been given to enriching laying cages, little research has been conducted on providing caged pullets with furnishments, in particular perches. The objective of the current study was to determine if metal perches during all or part of the life cycle of White Leghorns affected hen musculoskeletal health, especially at end of lay. Treatments during the pullet phase (hatch to 16.9 wk) entailed cages with and without perches. Four treatments were used during the laying phase (17 to 71 wk of age). Treatment 1 chickens never had access to perches at any point during their life cycle, typical of egg industry practices in the United States for conventional cages. Treatment 2 chickens had access to perches only during the egg-laying phase, which was from 17 to 71 wk of age. Treatment 3 chickens had access to perches only during the pullet phase (0 to 16.9 wk of age). Treatment 4 chickens had perch access throughout their entire life cycle (0 to 71 wk of age). Musculoskeletal health was assessed by measuring muscle weights, bone mineralization, bone fracture incidence, and keel bone deviations. Muscle deposition of 71-wk-old hens increased when given access to perches as pullets. Bone mineralization of 71-wk-old hens also increased if given perch access as adults. However, the disadvantage of the adult perch was the higher incidence of keel deviations and keel fractures at end of lay. The increase in bone mineralization of the keel bone as a result of perch access during the pullet and laying phases was not great enough to prevent a higher incidence of keel bone fractures at end of lay. Perch redesign and placement of perches within the cage to minimize keel fractures and deviations are possible solutions.
to maintain the suppression of osteoclastic resorption leading to bone loss. Another possibility for bone loss with aging hens is the downregulation of the osteoblastic estrogen receptor, which may contribute to exercise having less of an effect on maintaining skeletal quality (Fleming et al., 2006) .
The type of housing and furnishments in cages can influence chicken activity levels, which consequently affect skeletal health. For example, the major skeletal problem of conventionally caged hens, compared with other loose housing systems, is the increased susceptibility to osteoporosis mainly due to lack of exercise Harms, 1970, 1972; Meyer and Sunde, 1974; Knowles and Broom, 1990; Nørgaard-Nielsen, 1990; Fleming et al., 1994; Tauson and Abrahamsson, 1994a; Tauson, 1998; Whitehead and Fleming, 2000; Jendral et al., 2008) . Even though bone strength is greater, hens in extensive housing have more old fractures than caged hens due to greater freedom of movement (McLean et al., 1986; Gregory et al., 1990; Abrahamsson and Tauson, 1995; Tauson et al., 1999; Wilkins et al., 2004; Fleming et al., 2004 Fleming et al., , 2006 .
Little attention has been given to evaluating the use of enrichments in the pullet cage. Caged pullets given access to front and back perches immediately following hatch began using perches as early as 2 wk of age, though perching was rare at this age (P. Y. Hester, unpublished data) . Perch use increased with age, peaking at 12 wk of age and maintaining this level of perching activity until the end of the observations at 16 wk of age (Enneking et al., 2012b) .
Our laboratory uses dual energy x-ray absorptiometry (DEXA) to measure skeletal mineralization in poultry. The DEXA scans are the standard method used in human medicine to assess bone mineral density (BMD) and osteoporosis (see review of . It has been successfully applied both in vivo and ex vivo in poultry. A moving x-ray generator produces photons over a broad spectrum of energy levels. The photons are filtered as they pass through the test sample to produce 2 distinct peaks, enabling the densitometer to distinguish bone from soft tissue . The use of DEXA as a tool for monitoring skeletal integrity throughout the life cycle of chickens has been validated (Onyango et al., 2003; Schreiweis et al., 2003 Schreiweis et al., , 2004 Schreiweis et al., , 2005 Hester et al., 2004) . High correlations (r = 0.82 to 0.94, P < 0.001) existed between bone scans conducted in live birds compared with respective excised bones (Schreiweis et al., 2005) .
It is unknown if the use of perches as pullets has a long-term benefit in improving hen musculoskeletal health during the laying phase. In 12-wk-old caged White Leghorns, the bone mineral content (BMC) of the tibia, keel, and humerus and the gross leg muscle weight increased as a result of perch access compared with pullets without perches, suggesting that perch use contributed to increase mineralization and muscle deposition through increased exercise (Enneking et al., 2012a) . Chickens responded to weight loading of the anterior latissimus dorsi through hyperplasia and hypertrophy of muscle fibers (Sola et al., 1973) . Therefore, the objective of the current study was to determine if perch availability during all or part of the life cycle of caged White Leghorns affected hen musculoskeletal health, especially at the end of lay. Our hypothesis was that early use of perches as pullets compared with no perch would lead to long-term improvement in musculoskeletal health in aging hens, as demonstrated through increased bone mineralization and greater muscle deposition.
MATERIALS AND METHODS

Birds and Management
One-day-old White Leghorn hatchlings (n = 1,064) of the Hy-Line W36 strain were housed in 28 pullet cages at the Purdue University Poultry Research Farm in West Lafayette, Indiana. Fourteen pullet cages had 2 perches/cage arranged parallel to the feeder mounted 8.9 cm from the cage floor, whereas the remaining 14 pullet cages were without perches. Information on cage size, placement of the perches, number of birds assigned to each cage, floor space allocation, feeder space, and perch space per chicken during the pullet phase were described by Enneking et al. (2012a) . Pullets (n = 324) were transferred to 36 metal laying cages at 17 wk of age. The chickens were housed in a single room of the Layer Research Unit at Purdue University. One-half of the laying cages contained 2 perches mounted 8.9 cm from the cage floor, whereas the other 18 cages lacked perches. With the exception of length, the perches were identical to the perches used in the pullet cages. The 32-mm diameter perches were round and circular, made of galvanized steel with a smooth surface. Perch placement and cage dimensions within the conventional laying cage were described by Hester et al. (2013) . From 17 to 71 wk of age, stocking density, perch space/ chicken, and feeder space/chicken were 439 cm 2 , 16.9 cm, and 8.4 cm per hen, respectively. The 16.9 cm of perch space/hen provided the opportunity for all hens to perch at the same time if desired. Each laying cage contained 2 nipple drinkers. The diets and lighting protocol were described by Hester et al. (2013) . Standard management and vaccination practices were used. The Purdue University Animal Care and Use Committee approved the protocol.
Treatments
Treatments during the pullet phase entailed 14 cages with perches and 14 cages without perches (controls). For the laying phase (17 to 71 wk of age), a 2 × 2 factorial arrangement was used in which the factors were the pullet versus the laying phase and the presence or absence of the perch, resulting in a total of 4 treatments. Treatment 1, which served as the control, never had access to perches at any point during their life cycle, typical of current egg industry practices in the United States. Treatment 2 chickens had access to perches only during the egg-laying phase of the life cycle, which was from 17 to 71 wk of age. Treatment 3 chickens had access to perches only during the pullet phase (0 to 16.9 wk of age). Treatment 4 chickens had perch access throughout their entire life cycle (0 to 71 wk of age). Each cage housed 9 hens, and for each of the 4 treatments, there were 9 cages for a total of 36 cages.
Measurements
To monitor changes in bone mineralization (BMD and BMC) as hens aged, the same 2 live hens/cage were scanned using DEXA at 30, 40, 50, 60, and 70 wk of age. Hens used for scanning were selected randomly at 30 wk of age, and a colored leg band was placed on the shank for easy identification on subsequent scans. Individual BW were collected from each of the 72 hens immediately before the scan of the left tibia/fibula, left wing (humerus, ulna, and radius), and keel.
At 71 wk of age, chickens were sedated using sodium pentobarbital (30 mg of pentobarbital/kg of BW injected into the brachial vein). Individual BW was determined followed by euthanasia using cervical dislocation. The left wing, left thigh, left drum, and breast were retrieved, placed in a plastic bag, labeled, and frozen for later DEXA scans and muscle deposition. After thawing the carcass parts, the humerus, ulna, radius, wing phalange (III carpometacarpal), femur, tibia/fibula, and keel were scanned using DEXA with muscle, skin, and feathers intact, similar to scanning a live bird , to quantify BMD and BMC. After scanning, feathers, and skin were removed from the left thigh, left drum, and breast. The weight of the skeletal muscles and tendons of each carcass part were determined after excising from bone. Muscle weight was expressed relative to BW. The left tibia, femur, and keel were examined for fresh and old healing fractures similar to Mazzuco and Hester (2005) . The keel bone was evaluated for deformations using a scoring system of values ranging from 1 to 4 points, with 1 being the worst condition and 4 being representative of a normal keel see Hester et al., 2013 for details on scoring).
Statistical Analysis
The design was completely randomized (Steel et al., 1997) . The MIXED model procedure of SAS Institute (2008) was used to analyze the data. A 2 × 2 factorial arrangement was used in which the presence or absence of the perches within the pullet or laying cages were the main plots. An analysis of covariance, using BW as the covariate, with repeated measures over the age of the hen (30 to 70 wk of age), was used for each bone scanned from the live hens. Mineralization of each bone collected at 71 wk of age was also subjected to an analysis of covariance using BW as a covariate. Muscle weights, keel fractures, and keel scores were subjected to an ANOVA. Treatment (factors of pullet vs. the laying phase and the presence or absence of the perch) and age of the hen were considered fixed effects. The variability of least squares means was reported as the SEM. For percentage data, transformations of arcsine square root were used and the data reanalyzed. Because statistical trends were similar for both transformed and untransformed data, the untransformed results were presented. The Tukey-Kramer test was used to partition differences among means (Oehlert, 2000) , and the 2-way interactions were subjected to the SLICE option (Winer, 1971) .
RESULTS
DEXA Scans of Live Hens from 30 to 70 Wk of Age
The monitoring of live hens throughout their egg production cycle showed that the BMD of the keel ( Figures  1 and 2 ) was the only bone affected by perch treatment with no effect on the humerus, radius, ulna, and tibia (data not presented in figures or tables). The BMD of the keel of 50-wk-old hens that had access to perches as pullets from 0 to 16.9 wk of age increased compared with hens with no pullet perch (P = 0.07 using the SLICE option, Figure 1 ). All other ages were not significant for BMD of the keel bone (pullet treatment × age interaction, P = 0.003, Figure 1 ). There was also an increase in BMD of the keel of 60-wk-old hens that had access to perches during egg laying from 17 to 71 wk of age compared with controls with no perch (P = 0.04 using the SLICE option, Figure 2 ). All other ages were not significant for mineralization of the keel bone (laying hen treatment × age interaction, P = 0.056, Figure  2 ). The Tukey-Kramer test was unable to partition differences among means for both of the interactions. The BMD of the tibia, humerus, ulna, keel, and radius of hens generally increased with age with the lowest value for all bones occurring at 40 wk of age, which was during the month of July (P < 0.0001, Figure 3) .
The BMC of the ulna increased as a result of perch access during egg laying (mean ± SEM of 0.99 ± 0.02) compared with controls without perches during egg production (mean ± SEM of 0.94 ± 0.02, P = 0.04) with no effect on the BMC of the humerus, radius, tibia, and keel (data not presented in tables or figures). Similar to BMD, the BMC of the tibia, humerus, ulna, keel, and radius increased as the hens aged (P = 0.0002, data not presented in tables or figures).
DEXA Scans of Bones at 71 Wk of Age
The interaction between the presence or absence of perches during either the pullet or laying phases of 71-wk-old hens was not significant for BMD and BMC (Tables 1 and 2) ; however, the main effects of pullet or laying hen access to perches compared with no perch resulted in increases for bone mineralization.
The presence of a perch during the pullet phase had no effect on BMD of any of the bones at 71 wk of age (Table 1) . With the exception of the tibia (P = 0.10), the BMD of the wing bones (humerus, ulna, radius, and phalange, P < 0.0001), keel (P < 0.0001), and femur (P = 0.03) increased due to the presence of the perch during egg laying compared with 71-wk-old hens with no perch during the egg-laying phase (Table 1) .
The keel of 71-wk-old hens had greater BMC as a result of the presence of a perch during the pullet phase compared with pullets with no perch (P = 0.006, Table  2 ). The BMC of the other bones (humerus, ulna, radius, phalange, femur, and tibia) were not affected by the perch treatment during the pullet phase ( Table 2) . The presence of a perch compared with hens with no perch during egg laying increased BMC of all bones (humerus, ulna, radius, phalange, and keel, P < 0.0001) including the leg bones (femur, P = 0.016 and tibia, P = 0.010, Table 2 ).
Muscle Deposition at 71 Wk of Age
The interaction between the presence or absence of perches during either the pullet or laying phases of 71-wk-old hens was not significant for muscle weights, but main effects for the presence or absence of perches in cages either during the pullet or egg-laying phases were significant for some of the muscles that were measured (Table 3) .
Providing access to perches compared with no perch during the pullet phase increased the muscle weights of the breast (P = 0.0002), left thigh (P < 0.0001), relative left thigh (P = 0.03), left drum (P < 0.0001), total left leg muscle (P < 0.0001), and relative left leg muscle (P = 0.04) of 71-wk-old hens. Relative breast and relative left drum muscle weights were not affected by the perch treatments during the pullet phase (P = 0.14 and 0.20, respectively).
The opposite effect occurred during the laying phase where perch access compared with no perch reduced muscle weights of the breast (P < 0.0001), left thigh (P < 0.0001), left drum (P < 0.0001), and total left Figure 1 . The bone mineral density of the keel of caged White Leghorns at 30, 40, 50, 60, and 70 wk of age. The hens of the perch treatment had access to perches as pullets from hatch to 16.9 wk of age, whereas the control hens did not have access to perches as pullets. The SLICE option, used to differentiate means of the pullet × age interaction (P = 0.003), only showed a difference between treatments at 50 wk of age (P = 0.07) as indicted by the asterisk (*). All other ages were not significant. Values ± SEM represent the least squares means adjusted for BW. Figure 2 . The bone mineral density of the keel of caged White Leghorns at 30, 40, 50, 60, and 70 wk of age. The hens of the perch treatment had access to perches as laying hens from 17 to 71 wk of age, whereas the control hens did not have access to perches during egg laying. The SLICE option, used to differentiate means of the laying hen × age interaction (P = 0.056), only showed a difference between treatments at 60 wk of age (P = 0.04) as indicted by the asterisk (*). All other ages were not significant. Values ± SEM represent the least squares means adjusted for BW. leg muscle (P < 0.0001) of 71-wk-old hens, but when expressed relative to BW, each of these muscles were not affected by the perch treatment during egg laying (breast, P = 0.88, left thigh, P = 0.15, left drum, P = 0.63, and left total leg, P = 0.45, Table 3 ).
Bone Fractures and Keel Bone Deviations at 71 Wk of Age
The perch pullet treatment had no effect on keel fracture incidence or keel scores (P = 0.96 and 0.49, a,b Least squares means (adjusted for BW) within a column for the laying phase lacking a common superscript differ (P < 0.05). 1 Average number of observations per least squares means during the pullet phase, laying phase, or the interaction for pullet with laying phases. 2 Control-control chickens never had access to perches during their life cycle; control-perch chickens had access to perches only during the egg-laying phase of the life cycle (17 to 71 wk of age); perch-control chickens had access to perches only during the pullet phase (0 to 16.9 wk of age); and perchperch chickens always had access to perches (0 to 71 wk of age). a,b Least squares means (adjusted for BW) within a column for the pullet or laying phases lacking a common superscript differ (P < 0.05). 1 Average number of observations per least squares means during the pullet phase, laying phase, or the interaction for pullet with laying phases. 2 Control-control chickens never had access to perches during their life cycle; control-perch chickens had access to perches only during the egg-laying phase of the life cycle (17 to 71 wk of age); perch-control chickens had access to perches only during the pullet phase (0 to 16.9 wk of age); and perchperch chickens always had access to perches (0 to 71 wk of age).
respectively, Table 4) at 71 wk of age. In contrast, keel fractures increased (P = 0.009) and keel scores were worse (P = 0.0003) in 71-wk-old hens because of the presence of perches compared with no perch during the egg-laying phase (Table 4 ). The incidence of keel fractures was high (>80%, Table 4), and the majority of the fractures were old. The interactions between the presence or absence of perches during either the pullet or laying phases of 71-wk-old hens were not significant for keel fracture incidence and keel scores (Table 4) . Out of 278 left femurs examined at 71 wk of age, only 3 were broken, each from a different treatment group for an overall incidence of 1%. There was 1 (old fracture) broken left tibia.
DISCUSSION
Adult White Leghorns of the current study demonstrated high use of perches, especially at night (P. Y. Hester, unpublished data), which is expected given the strong motivation that egg-laying strains of chickens have for perching (Lambe and Scott, 1998; Olsson and Keeling, 2002) . Pullet perch use was also high for the chickens of this study (Enneking et al., 2012b) .
The addition of perches to conventional laying cages increased bone mineralization of 71-wk-old hens for all bones measured in the study except for the BMD of the tibia (Tables 1 and 2 ). These results of increased BMD and BMC are in agreement with other studies that reported an increase in bone strength of caged hens as a result of perch access during egg laying (Hughes a,b Least squares means (adjusted for BW) within a column for the pullet or laying phases lacking a common superscript differ (P < 0.05). 1 Weights of breast, left thigh, left drum, and total left thigh + left drum expressed relative to BW (g of muscle/g of BW × 100). 2 Average number of observations per least squares means during the pullet phase, laying phase, or the interaction for pullet with laying phases. 3 Control-control chickens never had access to perches during their life cycle; control-perch chickens had access to perches only during the egg-laying phase of the life cycle (17 to 71 wk of age); perch-control chickens had access to perches only during the pullet phase (0 to 16.9 wk of age); and perchperch chickens always had access to perches (0 to 71 wk of age). Least squares means within a column for the laying phase lacking a common superscript differ (P < 0.05).
1 Score for keel ranged from 1 to 4. A score of 1 represented severe keel bone deviations, and a score of 4 represented normal keels.
2 Average number of observations per least squares means during the pullet phase, laying phase, or the interaction for pullet with laying phases.
3 Control-control chickens never had access to perches during their life cycle; control-perch chickens had access to perches only during the egglaying phase of the life cycle (17 to 71 wk of age); perch-control chickens had access to perches only during the pullet phase (0 to 16.9 wk of age); and perch-perch chickens always had access to perches (0 to 71 wk of age). and Appleby, 1989; Duncan et al., 1992; Tauson and Abrahamsson, 1994b; Abrahamsson and Tauson, 1997; Barnett et al., 1997; Jendral et al., 2008; Tactacan et al., 2009) . Because in vivo BMD scans were positively correlated with bone-breaking force (Schreiweis et al., 2005) , it is assumed that the increase in bone mineralization observed in the current study would also lead to greater bone strength. Less bone breakage would also be anticipated because as BMD decreased in Leghorns, the incidence of bone breakage increased (r = −0.54, P < 0.05, Mazzuco and Hester, 2005) . However, this was not the case for the keel bone of the current study. The increase in BMD and BMC of the keel bone as a result of perch access compared with no perch during egg laying was not great enough to prevent a higher incidence of keel bone fractures. The unexpectedly high incidence of keel bone fractures (mostly old breaks) in caged 71-wk-old Leghorns with (92%) and without perches (83%) is a welfare concern because of possible chronic pain resulting from fracture-associated activation of specific nociceptors and inflammation (Carstens and Moberg, 2000; Underwood, 2002; Kuenzel, 2007) . The incidence of old keel breaks of hens in noncage systems has been reported in the range from 52 to 73% (Freire et al., 2003; Nicol et al., 2006) and is likely due to the increased mobility and bumping of the keel bone when hens move from litter to raised slats or access the nest boxes (DEFRA, 2006) . Although keel fracture incident was high in the current study (Table 4) , fractures of the femur and tibia were rare for all treatment groups.
Metal perches in cages not only caused higher keel fractures, but also resulted in more keel bone deviations. At resting, perching hen places pressure on her keel causing it to curve or deviate (Abrahamsson and Tauson, 1993; Abrahamsson, 1994b, 1996; Abrahamsson et al., 1996; Tauson, 1998; Vits et al., 2005) . Pullets given perches throughout rearing did not alleviate the poorer keel bone scores of caged hens with perches (Table 4 ). In contrast, floor rearing with perches compared with cage rearing reduced keel bone damage of laying hens in furnished cages (Moe et al., 2004) .
Redesign of the perch to minimize keel fracture and deviation is needed. Materials commonly used in the construction of perches for use by hens of the commercial egg industry include wood, plastic, and metal. For keel bone lesions, plastic versus wooden perches had no effect on keel scores (Tauson and Abrahamsson, 1994b) . Soft round polyurethane perches resulted in less peak force and more contact area with the keel bone compared with round steel, mushroom shaped plastic, and flattened round perches (Pickel et al., 2011) . However, surrounding wooden perches with a rubber lining did not reduce keel bone lesions compared with wooden perches of equal diameter without a rubber lining (Tauson and . There has been very little research conducted on the effect of the material composition of perches on keel bone fracture incidence.
Early pullet exposure to perches did little to improve hen skeletal mineralization. The only results showing an increase in mineralization as a result of perch access during the pullet phase was the BMD of the keel of 50-wk-old hens (Figure 1 ) and the BMC of the keel of 71-wk-old hens (Table 2) . Unfortunately, this increase in mineralization as a result of pullet access to perches did not lead to a reduction in keel fracture incidence at 71 wk of age (Table 4) . The BMD and BMC of all other bones (including live scans conducted over the life cycle of the hen as well as the BMD and BMC of bones collected from 71-wk-old hens) were not affected by pullet access to perches. In addition, the treatment interaction (perch or no perch during the pullet or laying phases) was also not significant for BMD (Table 1) and BMC ( Table 2) .
The tibia was the only bone out of 7 examined that did not increase in BMD at 71 wk of age as a result of perch access during the laying phase. also reported no improvement in tibial bone strength as a result of perch access in caged brown hybrids with no correlation between perching time and tibial strength. The fact that the BMD of the tibia did not respond to perching may have more to do with perch elevation than the type of bone. Perches in the current study were mounted 8.9 cm from the cage floor. If a perch of higher elevation had been used, it may have required hens to jump higher, leading to more exercise and increased mineralization. To support this hypothesis, the humerus of hens was stronger in getaway cages with higher perches compared with hens in furnished cages with lower perches most likely due to more wing flapping (Tauson and Abrahamsson, 1994b) .
Providing perches to pullets compared with no perches had long-term benefits in increasing gross and relative thigh and total leg muscle deposition of 71-wk-old hens (Table 3) . Muscle growth during development was perhaps stimulated by the jumping on and off perches during light hours. As additional evidence that pullet perches stimulated muscle deposition, pullets from this same experiment were sampled at 12 wk of age and those with perch access had greater BW and gross left leg muscle weights than pullets without perches (Enneking et al., 2012a) . The pullets with perches may also have had a larger skeletal frame as indicated by larger bones at 12 wk of age. Based on larger pullet BW, gross leg muscle weights, and bone area at 12 wk of age (Enneking et al., 2012a) , it is suspected that the chickens with perches during the pullet phase began egg laying as larger birds compared with pullets with no perches. This ultimately led to heavier BW of 71-wk-old hens with prior access to pullet perches compared with hens that had no exposure to perches as pullets (Hester et al., 2013) .
Muscle weights did not continue to increase as a result of perching activity as adults. In fact, gross breast, thigh, and drum muscle weights (Table 3) as well as BW (Hester et al. 2013 ) decreased as a result of perching activity as adults. Unlike the pullet perch effect, when adjusted for BW, the relative muscle weights were similar between hens with and without access to perches during egg laying (Table 3) . Lower BW for caged hens with perch access compared with no perches has been reported in other studies as well (Tauson, 1984; Braastad, 1990; Tauson and Abrahamsson, 1994b; Glatz and Barnett, 1996) . The lower BW of caged hens with access to perches during egg laying compared with those that did not have perches could have been due to less fat deposition as adults because of increased movement on perches during the photoperiod. There is much more movement on and off floor perches during daylight compared with night (Lambe and Scott, 1998) . During the day, hens spend most of their time standing followed by preening, sitting, and walking on the perch (Struelens et al., 2008) .
The perch effect on muscle deposition during the pullet phase was much greater than the laying phase. Older hens may step on and off perches, whereas younger pullets may jump on and off perches. The height of perches from the cage floor was 8.9 cm for both the pullet and laying cages. Growing pullets, especially at younger ages, would have to generate more effort to mount perches than adult hens.
In conclusion, the pullet and adult perches stimulated leg muscle deposition and bone mineralization, respectively. However, these improvements of the musculoskeletal system were not great enough to prevent a higher incidence of keel bone fractures and deviations in 71-wk-old hens with access to adult perches. Perch redesign and placement within the cage to minimize keel fractures and deviations are possible solutions. Mention of trade names or commercial products in this article is solely for the purpose of providing specific information and does not imply recommendation or endorsement of the USDA. The USDA is an equal opportunity provider and employer.
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